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Abstract

This thesis presents a method to improve horizontal-axis flywheel of
4-phases 8/6 switched reluctance generator (SRG) by adjust driver circuit to increase
the efficiency of flywheel in order to make flywheel rotational speed increasing more
than base speed. Including control circuit adjustment, by using DSP320F2812 to
control a switched-reluctance machine. When acting as motor flywheel spin and gain
kinetic energy. In generator mode kinetic energy stored in the flywheel applies
a torque, which is converted to electric energy. Using switched-reluctance machine

as UPS by control voltage of generator to DC bus 48 volt at constant load.
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2.1.3 s uma Aligned wagsuvud Unaligned
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2.3 mMsmuBaaiaveunsastudalwiauuy SRG [4]
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2.4.1 lnseasanavdruusenauvaanaieia

asrUsynovdiAgvamaisia A

1. WU3 (Bearing) HuduiluriunansTaiietisnsnsa

2. uawaslufn (Electric Motor), luiusLsmasia (Electric Generator)
Falulpssnuiliowniosdnsnalwiuuvaindssnuaud eaunsosnduldimeweinie
wuasweilasagiufugua daduuawmefarrendsulriuinluiiveaeannes
Favzgnuvanmifuussdawanhluldfulane svilimuiuudldfundanueat
Tulvnuaauaisweindanusadignasanlilulsinesgnldifuusidndesgnivasuliidy
wasaulnidn

3. JedewsaNgAnuwan (Flywheel and Shaft)

Bearing

|-~ Containment

— Flywheel rotor

—— Motor/generator. Rotor

t—— Motor/generator. Stator

Vaccum or Verry low
preassure

T~ Bearing

- v | A
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20

.- Magnetic Bearings Motor
Generator

(n) ()
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A13199 3.1 gunsaluaviiinvesgunsal

aunsal

Wingunsal

3 phase rectifier bridge diode

Rated Current = 45 A

4 phase asymmetrical power converter

-IGBT No. CM200DY-12NF

Rated Voltage = 600 V
Rated Current = 200 A

Current sensor

-IC No. L08P150D15

DC Current Max. = 150 A
Output Voltage =4V
Ve =15V

Encoder R137

Rated Voltage : 5 VDC
Qutput Waveform : Square wave
(Incremental )

Resolution  : 3,600 pulse / Rev.

DSP TMS320F2812

High performance Static CMOS
Technology
- 150 MHz ( 6.67ns. Cycle Time )
High-Performance 32-Bit CPU
On-Chip Memory
Three 32- Bit CPU timers
Motor Control Peripherals
- Two Event Managers ( EVA, EVB )
- Two QEP Modules
12-Bit ADC, 16 Channels
- 2x8 Channel Input Multiplexer
- Two sample and hold
- Fast conversion rate : 80ns / 12.5
MSPS
Up to 56 GPIO pins
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gunsnl #ifngunsal
3 phase Inverter No. ND 1 Power 5 kW
3 phase Induction motor Rated Voltage 380-420 V
Rated Current 7.89 A
Power 4 kW

Rated Speed 2875 rpm
Frequency 50 Hz

cos® 0.9

SRM 4 phase 8/6 (RA165187) Rated Voltage =48V
Rated Power = 3 Hp.
Rated Speed = 6,000 rpm.

Max Speed = 12,000 rpm.
Load Incandescent lamps = 100 W/lamp
Flywheel radius 0.19 m width 0.04 m
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(Experimental Results) n13vinaugasasasdnsnalwiwuuaindsanuauduazyszansnw
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A15199 4.1 Wisrtiwesvaunsasnutalninuuaindsanuaugildlunisnaasu

Number of Phase ; 4 Rated Power g 22kW/3 Hp
Rated Voltage : a8 v Phase Resistance : 15 mQ
Base Speed : 6,000 rpm La - 340 pH
Pole Configuration : 8/6 Lu : 62 uH
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4.2.1 yaugimihanilulmnmuaunsEua Wy Soft Chopping (Motor)
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4.3.2 yasrivaululynaiuaunszuauy Hard Chopping (Generator)
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meanuan n TUsunsuauaNn1519ulasld DSP daen1e1d (C-Language)

// FILE:  MainProgram.c

// TITLE:  Switched-Reluctance Machine Drive

// SPECIFICATION :

// SRG => 48V, 2.2Kw, 6000 rpm.

[/ HEH PR
HHARBHASHAHH

// $Release Date: August 10, 2010 : Switched Reluctance Generator Drive
[/ R R R
HHHHHHH

#include "DSP281x_Device.h"  // DSP281x Headerfile Inctude File
#include "DSP281x_Examples.hl" // DSP281x Examples Include File
#include "DSP281x_Gpio.h"

#include f281xqgep.h"

#include "f281xpwmdac.h"

#include "DSP281x_Spi.h"

#include "DSP281x_Adc.h" // Local Viable decalation
intl6 check=0;

int16 CheckA=0;

intl6 CheckB=0;

int16 CheckC=0;

int16 CheckD=0;

int16 CheckVdc=0;

int16 ElecTheta;

intl6 MechTheta;

int16 LineEncoder;

int16 PolePairs;

int16 RawTheta;

int16 QepPpr = 3600; // QEP pulse per revolution

int16 i;

int16 j;

intl6 A;



int16 B;

int16 G;

int16 D;

int16 ThetaA ;
int16 ThetaB ;
int16 ThetaC ;
intl6 ThetaD ;
int16 ElecThetaA;
int16 ElecThetaB;
int16 ElecThetaC;
intl6 ElecThetaD;
int16 ComA;
intlé ComB;
int16 ComG;
intl6 CombD;
int16 la=0;

int16 Ib=0;

int16 Ic=0;

int16 1d=0;

int16 Iref:

intl6 Imax;

intl6 Imin;

int16 lhys;

float Iref actual;
float lhys actual;
intlé Va;

int16 Vb,

int16 Vg;

int16 Vd;

int16 Vdc;

int16 Vref;

int16 Vmax;

int16 Vmin;
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intl6 Vhys;

float  Vref actual;
float Vhys actual;
int16 Gate_Drive A,
int16 Gate_Drive_B;
int16 Gate Drive C;
int16 Gate Drive D;
int16 Gate_Drives;
int16 Gate Drive Lo;
int16 Gate DriveA Hij;
int16 Gate_DriveB_Hi;
int16 Gate_DriveC Hi;
int16 Gate DriveD Hi;
int16 Gate DriveA Lo;
int16 Gate DriveB Lo;
int16 Gate DriveC Lo;
intl6 Gate DriveD Lo;
intl6 PwmDacChl = 0;
intl6 PwmbDacCh2 = 0;
intl6 PwmDacCh3 = 0;
Uint32 DAC_Ch_A;
Uint32 DAC Ch B;
Uint32 DAC Ch G;
Uint32 DAC_Ch D
Uint32 DAC_Ch E;
Uint32 DAC Ch F;
Uint32 DAC Ch G;
Uint32 DAC Ch H;
int16 CheckSpeed = 0;
intlé Speedl,;

intl6 Speed2;

intl6 Speed3;

float Speed;
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intl6 Speedmax = 0;
intl6 Tune;
intlé y;
int16 s=0;
intl6 x=1; // Flag for Mode Operation ; 0 = Generator , 1 = Motor (See in Main
Program)
// Setting For SRG Drive

intl6 ThetaOn = 1800;  // SRG, ThetaOn = 0,Turn on angle at 0 Degree
(ElecTheta) '

int16 ThetaOff = 300;  // SRG, ThetaOff= 1000, Turn Off angle at25 Degree
(ElecTheta)

int16 ThetaOff Reg = 300;  // SRG, Turn Off angle, when DC-Bus voltage is
over

intl6 ModeGenerator = 1;  // 1 = Soft Chopping , 2 = Hard Chopping
// Setting For SRM Drive

intl6 ThetaOn_SRM = 1300; // SRM, Minimum = 899

int16 ThetaOff SRM = 2300; // SRM Maximum = 2300

int16 ModeMotor = 1; // 1 = Soft Chopping , 2 = Hard Chopping
// -
// To find maximum and minimum value of phase current
PO

float Iref actual = 75; // Reference Current at 150A per Phase , But Check Idc <=
Irate (40 A)

float lhys actual = 1; // Hysteresis Band

i

// To find maximum and minimum value of DC-Bus voltage

float Vref actual = 47; // Reference Voltage at 47V

float  Vhys actual = 2; // Hysteresis Band = 2V

LITHTTTTTTTLT T 11T LTI T 1T LT LT 1 1101117171111 711 7171177010171/
QEP gepl = QEP_DEFAULTS;

PWMDAC pwmdacl = PWMDAC_DEFAULTS;

// Prototype statements for functions found within this file.
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void delay loop(void);
interrupt void adc_isr(void);
interrupt void EvaTimer2(void);
interrupt void cpu_timer0_isr(void);
interrupt void PDPINTA ISR(void);
interrupt void PDPINTB_ISR(void);

void main(void)

{InitSysCtrl();

EALLOW,

GpioMuxRegs.GPAMUX .all = 0x0700; /1 Set GPIOA pin to primary function ( 0
= SET I/O port)

GpioMuxRegs.GPADIR.all = OxOFFF; // Set GPIOA pin as output function ( 1

= Qutput , 0 = Input )

SysCtrlRegs.HISPCP.all = 0x3; // HSPCLK = SYSCLKOUT/6 (ADC Module)
GpioMuxRegs.GPDMUX.bit. TICTRIP_PDPA_GPIODO = 0; // Set GPIODO to GPIO
function
GpioMuxRegs.GPDDIR.bit.GPIODO = 1; // Set GPIODO to output pin
GpioMuxRegs. GPAMUX.bit. TDIRA_ GPIOA11 = 0; // Set GPIOA11 to GPIO function (
check Main ISR)

GpioMuxRegs.GPADIR.bit.GPIOA11 = 1; // Set GPIOA11 to output pin
GpioMuxRegs.GPFMUX.bit.SPISOMIA GPIOF1 = 0; // Set GPIOF1 to GPIO function (
check ADC ISR)

. GpioMuxRegs.GPFDIR.bit.GPIOF1 = 1 ; // Set GPIOF1 to output pin

//GpioMuxRegs.GPBMUX.bit.CAP4Q1 GPIOBS = 0; // Set GPIOB8 to GPIO
function

// GpioMuxRegs.GPBDIR.bit.GPIOB8 = 0, // Set GPIOB8 to output
pin

EDIS;

DINT;

InitPieCtrl();

//
// Disable CPU interrupts and clear all CPU interrupt flags:
/"
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IER = 0x0000;
IFR = 0x0000;
InitPieVectTable();
/
// 1SR functions found within this file.
/!

EALLOW;
PieVectTable.TINTO = &cpu_timer0 _isr;
PieVectTable.CAPINT3 = &EvaTimer2;
PieVectTable.ADCINT = &adc isr;
EDIS;
InitCpuTimers(); // For this example, only initialize the Cpu Timers

//
// Configure CPU-Timer 0 to interrupt every 0.1 mSec:

// 150MHz CPU Freg, 0.1mSec. Period (in uSeconds)

//
ConfigCpuTimer(& puTimer0, 150, 100); // Switching Frequency = 10 kHz.

StartCpuTimer0();
//
// Enable CAP3 interrupt bits for GP Timer2
o
EvaRegs.EVAIMRC.bit. CAP3INT = 1,
EvaRegs.EVAIFRC.bit.CAP3INT = 1;

1/
// Set up the capture pins to primary functions
//

EALLOW;
GpioMuxRegs.GPAMUX all |= 0x0700;
EDIS;

//
// Initialize ADC Module
//
InitAdc();
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// Initialize PWMDAC Module

//
pwmdacl.PeriodMax = 2500,
pwmdacl.PwmbDaclnPointer0 = &PwmDacCh1;
pwmdacl.PwmbDacknPointerl = &PwmbDacCh2;
pwmdacl.PwmbDaclinPointer2 = &PwmbDacCh3;
pwmdacLinit(&pwmdacl);

// :

// Initialize QEP module

/!

gepl.LineEncoder = QepPpr;
gepl.init&gepl);

vid
// Enable ADCINT in the PIE; Group 1 interrupt 6
!/

PieCtrlRegs.PIEIERL.bit.INTX6 = 1;
/%
// Enable TINTO in the PIE: Group 1 interrupt 7
/"

PieCtr(Regs.PIEIERL.bit.INTX7 = 1;
e —
// Enable PIE group 3 interrupt 7 for CAP3INT
1/

PieCtrlRegs.PIEIER3.all = M_INT7;
/7
// Enable CPU INT1 which is connected to CPU-Timer 0 and INT3 for CAP3INT:
/7

IER |= (M_INT1 | M_INT3 | M_INT7);

4
// Enable global Interrupts and higher priority real-time debug events:
i

EINT; // Enable Global interrupt INTM
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ERTM; // Enable Global realtime interrupt DBGM

//
// Configuration of ADC Module
//
AdcRegs. ADCMAXCONV.all = 0x0006; // Setup 2 conv's on SEQ1  // edit 0x0004 to
0x0005

AdcRegs. ADCCHSELSEQ1.bit.CONV0O0 = 0x0; // Setup ADCINAO as 1st SEQ1 conv.
AdcRegs ADCCHSELSEQ1.bit. CONVO1 = 0x1; // Setup ADCINA1 as 2nd SEQ1 conv.
AdcRegs ADCCHSELSEQ1.bit.CONV02 = 0x2; // Setup ADCINA2 as 3rd SEQ1 conv.
AdcRegs ADCCHSELSEQ1.bit. CONV03 = 0x3; // Setup ADCINA3 as 4th SEQ1 conv.
AdcRegs ADCCHSELSEQ2.bit. CONVO4 = 0x4; // Setup ADCINA4 as 4th SEQ1 conv.
AdcRegs ADCCHSELSEQ2.bit.CONVO5 = 0x5; // Setup ADCINAS as 5th SEQ1 conv. //

edit new line
// AdcRegs ADCCHSELSEQ2.bit. CONV06 = 0x6; // Setup ADCINA6 as 6th SEQ1 conv.
// edit new line tan
AdcRegs. ADCTRL2.bit.EVA SOC SEQ1 = 1; // Enable EVASOC to start SEQ1
AdcRegs ADCTRL2.bit.INT_ENA SEQ1 = 1; // Enable SEQ!1 interrupt (every EQS)

//
// Assumes EVA Clock is already enabled in InitSysCtrl();
g
EvaRegs. TICMPR = 750; // Setup T1 compare value
EvaRegs.T1PR = 1250, // Setup period register
EvaRegs.GPTCONA.bit. TITOADC = 1; // Enable EVASOC in EVA
EvaRegs. TICON.all = 0x1042; // Enable timer 1 compare (upcount mode)

// To reset QEP counter

// EvaRegs. T2CNT = 0;

// Step 6. IDLE loop. Just sit and loop forever
for(;;); '

}

void delay_loop()

{

short i;

for (i = 1; i < 2500; i++){}
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}

interrupt void adc_isr(void)
{
//
// GpioDataRegs. GPFDAT.bit.GPIOF1 = 1;
// To check actual value of Current and DC-Bus voltage
//
while (AdcRegs ADCST.bit.SEQ1 BSY == 1);

i '

//a = AdcRegs. ADCRESULTO >>4; // Changed to 12 bits value. // edit
ADCRESULTO to ADCRESULT5
Ib = AdcRegs ADCRESULT1 >>4; // Changed to 12 bits value.
lc = AdcRegs.ADCRESULT2 >>4; // Changed to 12 bits value.

Id = AdcRegs.ADCRESULT3 >>4; // Changed to 12 bits value.

Vdc= AdcRegs.ADCRESULT4 >>4;  // Changed to 12 bits value.
la = AdcRegs. ADCRESULTS >>4;

// Tune = AdcRegs.ADCRESULT6 >>4; //tan
/!
// Reinitialize for next ADC sequence
i -
AdcRegs. ADCTRL2.bit.RST _SEQ1 = 1; // Reset SEQ1

AdcRegs ADCST.bit.INT_SEQ1 CLR = 1; // Clear INT SEQ1 bit
PieCtrlRegs.PIEACKall = PIEACK_GROUP1; // Acknowledge interrupt to PIE
// GpioDataRegs.GPFDAT.bit.GPIOF1 = 0; }

interrupt void cpu_timer0 _isr(void)

// To check maximum range of the ISR program I/
// GpioDataRegs.GPDDAT .bit.GPIODO = 1;
GpioDataRegs.GPADAT.bit.GPIOA11 = 1;
x = GpioDataRegs.GPADAT .bit.GPIOA12;



/"
// To find maximum and minimum value of phase current
//
/" Iref_actual = 10;

Iref = (Iref_actual*4)/150)*4095)/3; //Reference current at 1.0V [ 1365 =
4095%(1.0v/3.0V) ]

// lhys_actual = 0.1; // Hysteresis band
lhys = (Ihys_actual*4)/150)*4095)/3;
Imax = Iref + lhys; // Maximum current  ( ADCIN )
Imin = Iref - lhys; // Minimum current  ( ADCIN )
/
// To find maximum and minimum value of DC-Bus voltage
/
/7 Vref actual = 47; // Reference voltage at 20V
Vref = (Vref actual*0.04166*4095)/3;  // Compute for DSP
// Vhys actual = 2; // Hysteresis band = 2V
Vhys = (Vhys_actual*0.04166*4095)/3; // Compute for DSP
Vrmax = Vref + Vhys; // Maximum voltage at 22V
Vmin = Vref - Vhys; // Minimum voltage at 18V
/"

// Check Pulse Counts from QEP Encoder ( 4*3600 = 14400 Pulse / Rev. )
v

gepl.calc(&gepl);
MechTheta = EvaRegs. T2CNT; // Maximum counts = 14400
RawTheta = MechTheta;

//
// Find Commutation
//
ComputeCommutation(); // See Commutaion.c
//

// To find the Speed of SRM
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7
ComputeSpeed(); // See Speed.c
'
// Connect to DC-Bus voltage regulation module
/!
VoltageRegulator(); - // See Vregulator.c
//
// Find Speed Max
1/
if (Speedmax < Speed)
Speedmax = Speed ;
//
// For SRG control
//
if(x ==0 && Speed>100)
Generator(ModeGenerator); // See SRG.c
else if (x==1)
Motor(ModeMotor);
7
// Connected to Gate Drive Module
£ ==
// Phase A

GpioDataRegs.GPADAT .bit.GPIOAO = Gate DriveA Hi;

GpioDataRegs.GPADAT bit.GPIOA1 = Gate DriveA Lo;
// Phase B

GpioDataRegs.GPADAT.bit.GPIOA2 = Gate DriveB_Hi;

GpioDataRegs.GPADAT.bit.GPIOA3 = Gate DriveB_Lo;
// Phase C

GpioDataRegs.GPADAT.bit.GPIOA4 = Gate DriveC Hi;

GpioDataRegs.GPADAT.bit.GPIOAS = Gate DriveC Lo;
// Phase D

GpioDataRegs.GPADAT.bit.GPIOA6 = Gate DriveD_Hi;

GpioDataRegs.GPADAT.bit.GPIOA7 = Gate DriveD Lo;
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// Connected input of the PWMDAC Module

/
PwmDacCh1 = MechTheta;
PwmDacCh2 = ThetaA;
PwmbDacCh3 = ThetaB;

//

// Call the PWMDAC update function

// :
pwmdacl.update(& wmdacl);

//

// Acknowledge this interrupt to receive more interrupts from group 1

&

PieCtrlRegs.PIEACK all = PIEACK _GROUP1;
/!
// End of programe lenght check
/

GpioDataRegs.GPADAT.bit.GPIOA11 = 0;
}

interrupt void EvaTimer2(void)

{

/ -

// Connect to QEP driver to update with next ISR

/!

gepl.isr&gepl);

/

// Enable more interrupts from this timer

//
EvaRegs.EVAIMRC.bit. CAP3INT = 1;
EvaRegs.EVAIFRC.all = BIT2;

//

// Acknowledge interrupt to recieve more interrupts from PIE group 3
//




PieCtrlRegs.PIEACK.all |= PIEACK_GROUP3;

;
g
/! Find commutaion of 4-Phase (A,B,C,D)
/"’ FILE: Commutaion.c
e
#include "DSP281x_Device.h"
extern intl6 MechTheta;
extern int16 RawTheta:
extern int16 ElecTheta;
extern intle A;
extern intl6 B;
extern intlé G
extern intl6 D;
extern intl6 ThetaA;
extern int16 ThetaB;
extern int1l6 ThetaC;
extern intl6 ThetaD;
extern int16 ComaA,
extern intl6 ComB;
extern intl6 ComC;
extern intl6 CombD;
// To find ElecTheta of Phase A
void ComputeCommutation()
{if ( MechTheta >=0 & MechTheta <=2399 ) // Angle = 60 degree => 2400
Pulse

RawTheta = MechTheta;
else if ( MechTheta > 2399 & MechTheta <=4799 ) // Angle = 120 degree => 4800
pulse

RawTheta = MechTheta - 2399;
else if ( MechTheta > 4799 & MechTheta <=7199 ) // Angle = 180 degree => 7200
pulse

RawTheta = MechTheta - 4799;
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else if ( MechTheta > 7199 & MechTheta <=9599 )  // Angle = 240 degree => 9600
pulse
RawTheta = MechTheta - 7199;
else if ( MechTheta > 9599 & MechTheta <=11999) // Angle = 300 degree => 12000
pulse
RawTheta = MechTheta - 9599;
else if ( MechTheta >11999 & MechTheta <=14399) // Angle = 360 degree => 14400
pulse
RawTheta = MechTheta - 11999;
s
ElecTheta = RawTheta;
// To find ElecTheta of Phase A
A = ElecTheta+660;
if (A>2399)
ThetaA = A-2399;
else
ThetaA = A
// To find ElecTheta of Phase B
B = ThetaA;
B = B + 1800;
if (B > 2399)
ThetaB = B-2399;
else
ThetaB = B:
// To find ElecTheta of Phase C
C = ThetaB;
C = C + 1800;
if (C > 2399)
ThetaC = C-2399;
else
ThetaC = C;
// To find ElecTheta of Phase D
D = ThetaC;



D =D + 1800;
if (D > 2399)
ThetaD = D-2399,
else
ThetaD = D;
// To find the Commutation of Phase A
ComA = ThetaA;
// To find the Commutation of Phase B
ComB = Thetaé;
// To find the Commutation of Phase C
ComC = ThetaC;
// To find the Commutation of Phase D
ComD = ThetaD;
}
I Find Speed of the SRM
/" FILE:  Speed.c
#include "DSP281x_Device.h"
float ComputeSpeed()

extern int16 MechTheta;
extern float Speed;
extern intl6é Speedl;
extern int16 Speed2;
extern intl6 Speed3;
extern int16 CheckSpeed,;
if(CheckSpeed == 0)

{

Speedl = MechTheta;
CheckSpeed = 1,

}

else if(CheckSpeed ==1)

{
Speed2 = MechTheta;
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Speed3 = Speed2-Speed];
Speed = (Speed3*600000)/14400;
CheckSpeed = 0;
}
return Speed;
}
i
// Control in mode Motor
/ FILE:  SRM.c
T LTI 1101111111111 71 177
#include "DSP281x_Device.h"
void Motor(int Mode)
{extern int16 ThetaOn SRM;
extern int16 ThetaOff SRM;
extern intl6 la;
extern int16 Ib;
extern intl6 Ic;
extern int16 Id;
extern intlé Imax;
extern int16 Imin;
extern int16 CheckA;
extern intl6 CheckB;
extern intlé CheckG;
extern int16 CheckD;
extern int16 ThetaOn;
extern int16 ThetaOff;
extern int16 ComaA;
extern int16 ComB;
extern int16 ComC;
extern intl6 CombD;
extern intl6 Gate DriveA Hi;
extern int16 Gate DriveB_Hi;
extern int16 Gate DriveC_Hi;
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extern int16 Gate_DriveD Hi;
extern int16 Gate DriveA Lo;
extern int16 Gate DriveB Lo;
extern int16 Gate_DriveC_Lo;
extern int16 Gate DriveD Lo;
// Increase Speed by ThetaOn_SRM & ThataOff SRM
extern float Speed;
if (3000 < Speed && Speed <= 3800 )
{ ThetaOn_SRM = 899 ;
ThetaOff SRM = 1889 ;
// Motor
if(Mode==1)
{
// ==> For SRM control [ Soft Chopping Mode 1]
if (ComA >= ThetaOn_SRM & ComA <= ThetaOff SRM)
{if (la <= Imin ) // Current Regulation of Phase A
{Gate DriveA Hi = 1;
Gate DriveA Lo = 1;}
else if{ la >= Imax )
{Gate DriveA Hi=0;
Gate DriveA Lo =1;1} }
else
{Gate DriveA Hi = 0;
Gate_DriveA Lo =0; }
// ==> For SRM control [ Soft Chopping Mode ]
if (ComB >= ThetaOn_SRM & ComB <= ThetaOff SRM)
{ if (Ib <= Imin )
{Gate DriveB Hi = 1;
Gate DriveB Lo =1;1}
else if( Ib >= Imax )
{Gate _DriveB Hi = 0;
Gate DriveB Lo = 1; }}

else



{Gate_DriveB_Hi = 0;
Gate DriveB_Lo = 0;}
// ==> For SRM control [ Soft Chopping Mode ]
if (ComC >= ThetaOn_SRM & ComC <= ThetaOff SRM)
{if (Ic <= Imin )
{Gate_Drive€C Hi = 1;
Gate_DriveC Lo = 13}
else if( Ic >= Imax )
{Gate_DriveC Hi = 0;
Gate DriveC Lo=1}}
else
{Gate DriveC Hi = 0;
Gate_DriveC Lo = 0; }
// ==> For SRM control [ Soft Chopping Mode ]
if (ComD >= ThetaOn_SRM & ComD <= ThetaOff SRM)
{if (Id <= Imin)
{Gate DriveD Hi = 1;
Gate DriveD Lo = 1;}
else if( Id >= Imax )
{Gate DriveD Hi = 0;
Gate DriveD Lo =1;1} 1}
else
{Gate_DriveD Hi = 0;
Gate DriveD Lo =0; }}
else if (Mode==2)
{
// ==> For SRM control [ Hard Chopping Mode ]
if (ComA >= ThetaOn_SRM & ComA <= ThetaOff SRM)
{if (la <= Imin ) // Current Regulation of Phase A
{Gate_DriveA Hi = 1;
Gate DriveA Lo=1; }
else if( la >= Imax )

{ Gate DriveA Hi=0;
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Gate DriveA Lo =0; } }
else
{ Gate_DriveA Hi = 0;
Gate DriveA Lo =0; }
// ==> For SRM control [ Hard Chopping Mode ]
if (ComB >= ThetaOn_SRM & ComB <= ThetaOff SRM)
{ if (Ib <= Imin )
{ Gate_DriveB_Hi = 1;
Gate_DriveB_Lo =1, }
else if( Ib >= Imax)
{ Gate DriveB Hi = 0;
Gate DriveB Lo = 0; } }
else
{ Gate DriveB Hi = 0;
Gate_DriveB Lo =0; '}
// ==> For SRM control [ Hard Chopping Mode ]
if (ComC >= ThetaOn_SRM & ComC <= ThetaOff SRM)
{ if ( Ic <= Imin)
{ Gate DriveC Hi = 1;
Gate DriveC Lo =1; }
else if( Ic >= Imax )
{ Gate DriveC Hi = 0;
Gate DriveC_Lo-= 05} }
else
{  Gate DriveC Hi=0;
Gate DriveC Lo = 0; }
// ==> For SRM control [ Hard Chopping Mode ]
if (ComD >= ThetaOn_SRM & ComD <= ThetaOff SRM)
{ if (1d <= Imin)
{ Gate DriveD Hi = 1,
Gate DriveD Lo =1; }
else if( Id >= Imax )

{ Gate_DriveD Hi = 0;



Gate DriveD Lo=0; } }

else
{ Gate_DriveD_Hi = 0;

Gate DriveD Lo = 0;} } }
i
4 Control in mode Generator
44 FILE: SRG.c

[T T T LTI T T T LA 1 1111111741111 7 77/
#include “DSP281x_Device.h"
void Generator(char Mode)
{extern int16 la;

extern int16 Ib;

extern intlé6 Ig;

extern int16 Id;

extern intl6 Imax;

extern int16 Imin;

extern int16 CheckA;

extern int16 CheckB:;

extern int16 CheckC;

extern int1l6 CheckD;

extern int16 ThetaOn;
extern int16 ThetaOff;
extern int16 ComA;

extern int16 ComB;

extern intlé Com(C;

extern int16 CombD;

extern int16 Gate DriveA Hi;
extern int16 Gate DriveB Hi;
extern int16 Gate DriveC_Hj;
extern int16 Gate DriveD Hi;
extern int16 Gate DriveA Lo;
extern int16 Gate DriveB Lo;
extern int16 Gate_DriveC _Lo;
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extern intlé Gate DriveD Lo;

//

// Soft Chopping Phase A
/!

if(Mode==1)

{if (ComA >= ThetaOn || ComA <= ThetaOff)
{ if (CheckA == 0)
{ if (la <= Imin )

{ Gate DriveA Hi=1;
Gate DriveA Lo = 1; }

else if (la >= Imax )

{ Gate DriveA Hi= 0;
Gate _DriveA Lo = 0;
CheckA = 1; } }

else if (CheckA == 1) // Current Regulation of Phase A
{ if (la <= Imin )
{ Gate DriveA Hi = 1;

Gate DriveA Lo =0; }
else if (la >= Imax )
{ Gate_DriveA Hi = 0;
Gate_DriveA Lo = 0;} } }
else
{Gate DriveA Hi = 0;
Gate DriveA Lo =0;

CheckA = 0; }
//
// Soft Chopping Phase B
//

if (ComB >= ThetaOn || ComB <= ThetaOff)
{ if (CheckB == 0)
{ if (Ib <= Imin )
{ Gate DriveB Hi = 1;
Gate DriveB Lo =1; }



71

else if (Ib >= Imax )

{ Gate_DriveB Hi = 0;
Gate DriveB Lo = 0;
CheckB = 1; }
}
else if (CheckB == 1) // Current Regulation of Phase B
{ if (Ib <= Imin )
{ Gate_DriveB Hi = 1;

Gate DriveB Lo =0; }
else if (Ib >= Imax )
{ Gate DriveB Hi = 0;
Gate_DriveB Lo = 0; } } }
else
{Gate _DriveB _Hi = 0;
Gate_DriveB Lo = 0;

CheckB = 0; \ 4
4
// Soft Chopping Phase C
/!

if (ComC >= ThetaOn || ComC <= ThetaOff)
{ if (CheckC == 0)
{ if (lc <= Imin )
{ Gate_DriveC _Hi = 1;
Gate DriveC Lo = 1; '}

else if (lc >= Imax )

{ Gate DriveC Hi = 0;
Gate DriveC Lo = 0;
CheckC=1; '} }
else if (CheckC == 1) // Current Regulation of Phase C
{ if (Ic <= Imin )
{ Gate DriveC Hi = 1;

Gate_DriveC_Lo = 0; }

else if (Ic >= Imax )
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{ Gate_DriveC_Hi = 0;
Gate DriveC Lo=0; } } }
else
{Gate_DriveC Hi =0;
Gate DriveC Lo = 0;

CheckC = 0; }
/!
// Soft Chopping Phase D
Vi : -
if (ComD >= ThetaOn || ComD <= ThetaOff)
{ if (CheckD == 0)
{ if (Id <= Imin )
{ Gate_DriveD _Hi= 1;
Gate_DriveD_Lo =1; }
else if (Id >= Imax )
{ Gate DriveD Hi = 0;
Gate DriveD Lo = 0;
CheckD =1; } }
else if (CheckD == 1) // Current Regulation of
Phase D
{ if (Id <= Imin )
{ Gate DriveD Hi = 1;

Gate_DriveDsko = 0; }
else if (Id >= Imax )
{ Gate_DriveD_Hi = 0;
Gate DriveD Lo =0; } } }
else
{ Gate_DriveD Hi = 0;
Gate_DriveD Lo = 0;
CheckD =0; } }
else if (Mode==2) // For SRG control [ Hard Chopping Mode ]
{ if (ComA >= ThetaOn || ComA <= ThetaOff)

{ if (la <= Imin )
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{ Gate_DriveA Hi=1;
Gate DriveA Lo =1; }
else if (la >= Imax )
{ Gate_DriveA Hi = 0;
Gate DriveA Lo =0; } }
else
{ Gate_DriveA Hi = 0;
Gate_DriveA Lo =0; }
// For SRG control [ Hard Chopping Mode ]
if (ComB >= ThetaOn || ComB <= ThetaOff)
{ if (Ib <= Imin )
{ Gate DriveB_Hi = 1;
Gate DriveB Lo =1; }
else if (Ib >= Imax )
{ Gate_DriveB Hi = 0;
Gate_DriveB_Lo = 0; } }
else
{ Gate DriveB Hi = 0;
Gate DriveB Lo =0; }
// For SRG control [ Hard Chopping Mode ]
if (ComC >= ThetaOn || ComC <= ThetaOff)
{ if (Ilc <= Imin)
{ Gate_DriveC_Hi = 1;
Gate DriveC Lo =1; }
else if (Ic >= Imax )
{ Gate_DriveC Hi = 0;
Gate DriveC Lo =0; } }

else
{ Gate_DriveC _Hi = 0;
Gate DriveC Lo =0; }
// For SRG control [ Hard Chopping Mode ]
if (ComD >= ThetaOn || ComD <= ThetaOff)



74
{ if (Id <= Imin )
{ Gate DriveD_Hi = 1;
Gate DriveD Lo =1; }
else if (Id >= Imax )

{ Gate_DriveD_Hi = 0;

Gate DriveD Lo = 0; } }
else
{ Gate_DriveD_Hi = 0;

Gate_DriveD_Lo =0, } }

else ifiMode == 3) // ==> For SRG control [ Soft Chopping Mode ]
{ if (ComA >= ThetaOn & ComA <= ThetaOff)

{if (la <= Imin ) // Current Regulation of Phase A
{ Gate_DriveA Hi=1;
Gate DriveA Llo=1; }
else if( la >= Imax )
{ Gate_DriveA Hi = 1;
Gate DriveA Lo =0; } }
else
{ Gate DriveA Hi=0;
Gate_DriveA Lo = 0; }
// ==> For SRG control [ Soft Chopping Mode ]
if (ComB >= ThetaOn & ComB <= ThetaOff)
{ if (b <= Imin’)
{ Gate DriveB Hi = 1;
Gate DriveB Lo =1; }
else if{ Ib >= Imax )
{ Gate DriveB Hi = 1;
Gate DriveB Lo =0; } }
else
{ Gate_DriveB_Hi = 0;
Gate DriveB Lo =0; }
// ==> For SRG control [ Soft Chopping Mode ]
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if (ComC >= ThetaOn & ComC <= ThetaOff)
{ if (Ic <= Imin )
{ Gate_DriveC Hi = 1;
Gate DriveC lo=1; 1}
else if( Ic >= Imax )
{ Gate_DriveC_Hi = 1;
Gate _DriveC Lo =0; } }
else
{ Gate DriveC Hi = 0;
Gate DriveC Lo =0; '}
// ==> For SRG control [ Soft Chopping Mode ]
if (ComD >= ThetaOn & ComD <= ThetaOff)
{ if (1d <= Imin )
{ Gate DriveD_Hi = 1;
Gate_DriveD Lo = 1; }
else if( Id >= Imax )
{ Gate DriveD Hi = 1;
Gate_DriveD Lo =0; } }
else
{ Gate_DriveD Hi = 0;
Gate DriveD Lo =0; } } 1
L T L e
// Voltage regulation module
/ FILE:  Vregulator.c
s
#include "DSP281x_Device.h"
extern int16 CheckVdc;
extern int16 Vdc;
extern intlé Vmax;
extern intlé Vmin;
extern int16 ThetaOff;
extern int16 ThetaOff Reg;
extern int1l6 ThetaOn_Reg;
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extern int16 ThetaOn;
extern intl6 x;

void VoltageRegulator()

{ iftx==0)
{ if (CheckVdc == 0)
{ if (Vdc <= Vmin)
ThetaOff = ThetaOff Reg;
else if (Vdc >= Vmax)
' { ThetaOff = ThetaOff - 5;
Checkvdc = 1;}
else
ThetaOff = ThetaOff; }
else if (CheckVdc == 1)
{ if (Vdc >= Vmax)
{ if (ThetaOff >= 100) // If ThetaOff is more than 100.It will not be
reduced.
ThetaOff = ThetaOff-5;
else
ThetaOff = ThetaOff; }
else if (Vdc <= Vmin)
{ if (ThetaOff <= 1000) /7 If ThetaOff is less than 1000.It will not be
added.
ThetaOff = ThetaOff+5;
else
ThetaOff = ThetaOff; }
else

ThetaOff = ThetaOff;
if (Vdc < 100) CheckVdc = 0;} } }
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gﬂﬁ 1.6 1993 Asymmetrical Half- Bridge Converter
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gﬂﬁ 9.8 Inverter (UU) waz Rectifier (814)
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[ECiamping Type
MFJC (Standard Bore)

D
diHE

CI L B
!

D =70 mm

d1

=25mm

d2 =28 mm

.E!Implng type
__Part Number | Clamp Screw Unit Price

Type D dh, dz select (must be disdz) da|L|LE|F]A M y....,“‘... MFJC ﬂFﬂSh’éM_FJCWK
MEd 44|14 15 16 18 20 Z25| 46 | 16 |75 145 W5 | ‘84 | 2271 | 2680 | 3000

:%‘;@5& 18 20 22 25 78 [ 57 | 19 {95 | 17 [ M6 | 144 | 2808 | 3,013 | 342
MESEH 70 22 26 28 50 35| 3 | 77|25 [126| 24 | W8 | 300 | 2978 | 3386 | 3785
%) * When the she? diameter is small, clamp screw Sghtening Torque should be higher than e prescribed valut 1o prevent s

Part Hmber | Alowstih [T ™
— Type D | Soiboww | Ouiy § 3 | e i}
ow “l|l w0 F 1 | 150 | 12000 | 4 me* [a05] 100
MEJ MG
MEUWE HECLK | 55 | 48 © 2 | 15 | 2000 | 10000 | 11:10% {208 | 200

:féwx 10 0 n 2 | 4800 | 0000 |4Qxi0® | 208|450
Margions Shaft Bors Dis. Keywey Width R_n_w
Kaywmy WidB) () s changed as tabia below: ™ ARIC =

STOCKTTEN I | MFJS b+ =
FRINTED T “
N NAY T )‘:$1:_ P b
= o
FT I\I’I’ MFJS |ss|ss |17 | &t | gk 147
G
LT 70| 69 | 25 | 3 | 15 | 185 1982
™~ (] Foiyacetal
+) Opsrating Termperaturs -20°C-80C
%) th, ok BN Y Bekrs Gt maching. Shapes -l-l.- = = Io:v B B
Yhm“lﬁ“m-ﬂmnhﬂ _S—-n_—ﬂid— = - s
simatamonuny, alowabiec wihe Wil be oo 1 172 oach < MEIC MFJCRK L] et

I more e o mimigTSN i OCCHTING SETMAIRECUSY, Alesbie
wae wil De ke 10 1/2 sach,
¥ Fre e ety anvd skeret everachas ohe BOAT
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2.1 yawas SRM Wudumdmenaliiunaieia

Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (w)
0 0 47.9 | 20.85 998.715
2 250 | 38.016 | 26.15| 994.1184
4 291 | 40.672 | 28.69 1166.88
6 500 | 42.476 | 30.14 | 1280.227

8 583 | 43.453 53N 1820.855
10 666 | 45.186 39:3 1775.81
12 791 | 46.868 42.1-{(-1973.143
14 1000 | 47.125 40.8 1922.7
16 1083 | 47.309 | 43.06 | 2037.126
18 1250 | 47.315 | 42.86 | 2027.921
20 1375 | 47.468 | 4292 | 2037.327
22 1458 | 47.458 | 36.71 | 1742.183
24 1541 | 47301 | 43.59 | 2061.851
26 1666 | 47.258 | 4276 | 2020.752
28 1791 | 47.463 | d46.13 | 2189.468
30 1916 | 47.579 | 42.65 | 2029.244
32 2041 | 47812 | 4199 | 2007.626
34 2166 } 47.735 | 41.95| 2002.483
36 2291 | 47.669 | 42.77 | 2038.803
38 2375.{-47.615] 4291 2043.16
40 2458 | 47.566 | 41.54 | 1975.892
42 2583 | 47.498 | 42.49 2018.19
44 2708 | 47.421 | 4293 | 2035.784
46 2873 | 47.398 | 42.83 | 2030.056
48 2916 | 47.208 | 42.83 | 2021919
50 3000 | 47.149 | 42.86 | 2020.806
52 3083 | 46.982 | 42.59 | 2000.963

09



Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (w)
54 3168 | 47.274 | 4261 | 2014.345
56 3251 | 47324 | 42.73 | 2022.155
58 3275 | 47354 | 42.73 | 2023.436
60 3458 | 47.369 | 42.37 | 2007.025
62 3500 | 47.258 | 428 | 2022.642
64 3625 | 47.568 | 42.93 | 2042.094
66 3666 | 47.719 | 42.64 | 2034.738
63 3750 | 47.654 | 42.86 | 2042.45
70 3875 | 47.644 | 42.83 | 2040.593
72 3958 | 47.656 | 42.67 | 2033.482
74 a041 | 47.549 | 42.76 | 2033.195
76 4083 | 47.489 | 42.83 | 2033.954
78 4166 | 47.489 | 42.86 | 2035.379
80 4250 | 46.856 | 42.97 | 2013.402
82 4333 | 46.984 | 4284 | 2012.795
84 4376 | 47.169 | 42.71 | 2014.588
86 4541 | 47242 | 59.09| 2791.53
88 4500 | 47.319 | 61.44 | 2907.279
90 4583 | 47.282 | 6229 | 2945.196
92 | 4625 | 47343 | 61.18 | 2896.445
94 4708 | 47.478 | 60.16 | 2856.276
96 4750 | 47.478 | 4581 | 2174.967 |
98 4833 | 47.548 | 4577 | 2176.272
100 4875 | 47.511| 51.65 | 2453.943
102 4916 | 47.555 | 50.82 | 2416.745
104 4958 | 47.595 | 39.37 | 1873.815
106 5041 | 47.599 | 42.72 | 2033.429
108 5000 | 47.578 | 4284 | 2038.242
110 5125 | 47.589 | 59.55 | 2833.925
112 5208 | 47.132| 57.1| 2691.237
114 5208 | 47.137 | 43.13 | 2033.019

100



Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (w)
116 5291 | 47.059 | 4798 | 2257.891
118 5291 | 47.098 | 42.83 | 2017.207
120 5416 | 47.077 | 43.11 | 2029.489
122 5305 | 47.122 428 | 2016.822
124 |- 5458 | 47.151 | 43.06 | 2030.322
126 5460 47.2 | 43.01 | 2030.072
1?8 5541 472 | 4247 | 2004.584
130 5583 47.2 | 4237 | 1999.864
132 5583 | 47.236 | 42.7 | 2016.977
134 5623 | 47.251 | 42.84 | 2024.233
136 5665 | 47.301 | 42.68 | 2018.807
138 5666 | 47.528 | 42.86 2037.05
140 5708 | 47.525 | 43.08 | 2047.377
142 5760 | 47.503 | 42.47 | 2017.452
144 5750 | 47.503 | 4234 { 2011.277
146 BF50 1 47555 42.8 | 2035.354
148 5833 | 47.687 | 42.84 | 2042911
150 5875 | 47.691 | 43.06 | 2053.574
152 5916 | 47.688 431 2050.584
154 5916 | 47.777 | 4286 | 2047.722
156 5916 | 47.698 | 42.86 | 2044.336
158 5958 | 47.864 42.7-8 2047.622
160 5958 | 47.685 429 | 2045.687
162 6000 47;556 42.73 | 2032.068
164 6041 | 47.695 | 54.14 | 2582.207
166 6041 | 47.765 | 53.14 | 2538.232
168 6125 | 47.865 | 42.88 | 2052.451
170 6083 | 47.565 454 | 2159.451
172 6125 47.6 | 49.04 2334.30
174 6166 ar.7 58.3 2780.91
176 6208 47.8 54.2 2590.76
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Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (w)
178 6208 | 479| 637| 3051.23
180 6260 | 475| 623| 2959.25
182 6260 | 47.6| 42.47| 2021.572
184 6375 | 473 | 57.16| 2703.67
186 6375| 47.8| 4255 2033.89
188 6333 | 47.8| 4832 2309.70
190 6333 47.8| 51.18| 2446.40
192 6375| 47.9| 54.99 | 2634.021
194 6333 | 48| 57.96| 278208
196 6416 | 485| 49.15| 2383.78
198 6376 | 47.6| 4849 | 2308.12
200 6416 | 47| 5633 | 264751
202 6500| 483 50| 2415.00
204 6500 | 481 60.15| 2893.21
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2.2 91¢lnan 150 W

Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (W)
0 6500 | 47.89 5:2 153.248
2 6416 | 47.23 3.15| 148.7745
4 6250 | 46.25 25 115.625
6 6083 | 46.35 227 | 105.2145
8 6000 | 45.52 2.21 | 100.5992

10 DR el 2 5 T, 18 98.6014
12 5750 | 45.98 2.18 | 100.2364
14 5625.\| //ABAY 2.18 94.067
16 5500 | 43.88 2,19 96.0972
18 5375 | 43.61 2,69 | 1173109
20 5166 | 42.52 2.23 94.8196
22 5083 | 42.16 242 1--102.0272
24 4958 | 48.15( 269 | 129.5235
26 4833 | 39.87 2.50 99.675
28 4583 | 37.87 2.56 96.9472
30 4458 | 37.62 2.39 89.9118
524 4250 |  37.05 243 90.0315
34 4125 35.42 242 85.7164
36 3958 | 36.76 (g 85.6508
38 3791 36.54 219 80.0226
40 3583 | 42.15 217 91.4655
42 3458 | 35.21 2.16 76.0536
a4 32501 31.25 2.09 653125
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2.3 318luan 425 W

Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (W)
0 6500 47.12 9.04 | 425.9648
2 6250 47.23 8.56 | 404.2888
q 6166 46.25 8.3 383.875
6 6000 46.35 10.9 505.215
8 5833 47.02 | 10.68 | 502.1736

10 5666 47.62 8.45 402.389
12 5541 | 46.53 8.94 | 415.9782
14 5375 46.64 9.74 | 4542736
16 5208 | 4654 | 1048 487.7392
18 5041 46.21 9.36 | 432.5256
20 4833 45.78 9.79 | 448.1862
22 4666 45.63 9.01 | 411.1263
24 4416 45.56 9.13 | 415.9628
26 4250 39.87 9.04 | 360.4248
28 4083 37.87 8.47 | 320.7589
30 3875 37.62 8.17 | 307.3554
32 3708 7 37.05 8.03 | 297.5115
34 3541 35.42 7.57 | 268.1294
36 3333 36.76 7.63 | 280.4788
38 3166 29.86 7.33| 218.8738
40 2958 24.01 6.97 | 167.3497
42 2791 21.96 6.87 | 150.8652
44 2625 24.85 135 | 182.6475
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2.4 9elvian 580 W

Time (s) | Speed (rpm) | Vdc (V) | Idc (A) | Power (W)
0 6500 | 47.28 | 12.31| 582.0168
2 6375 | 47.23| 11.65| 550.2295
4. 6208 | 46.25 | 12.81 | 592.4625
6 6125 | 46.13 | 12.85| 592.7705
8 5833 | 47.65| 12.55| 598.0075

10 5666 | 46.21 | 14.23 | 657.5683
12 5541 | 46.69 | 13.97 | 652.2593
14 5416 | 4631 | 13.69 | 633.9839
16 5166 | 46.09 | 13.27 | 611.6143
18 5000 | 45.98 | 13.18 | 606.0164
20 4833 | 4554 | 12.86 | 585.6444
22 4625 | 4215 | 12.47 | 525.6105
24 4416 | 3576 | 11.91| 4259016
26 4208 | 34.86 | 11.48 | 400.1928
28 4000 | 32.64 | 11.95| 390.048
30 3833 | 35.69 | 11.47 | 409.3643
32 3625 | 27.65| 1058 | 292.537
34 3416 | 3244 | 10.26 | 332.8344
36 3208 | 24.73| 10.39 | 256.9447
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2.5 nadaudszansninvasaIndsanuaudiauiuaisineiivans 49 vaaa (4900W,

106

220Vac)

Speed Vin lin(rms) Vout lout Pin Pout cos Eff(%)
5000 429.256 | 3.98976 —39.6158 9.32603 | 1468.43 | 369.4581 | 0.618784 | 25.16008
5000 428.659 | 4.07396 | 39.1417 | 9.18025 | 1457.061 | 359.3306 | 0.602141 | 24.66133
5000 427.057 | 4.03769 | 39.6146 | 9.25987 | 1438.692 | 366.826 | 0.602141 | 25.49719
5500 426.107 | 4.60272 | 44.3945 | 9.68874 | 1535.809 | 430.1268 | 0.565136 | 28.00653
5500 426.82 4.8296 45.4173 | 9.90805 | 1766.053 | 449.9969 | 0.618297 | 25.48037
5500 422.207 | 4.7093 | 45.7619 | 9.96282 | 1632.094 | 455.9176 | 0.592397 | 27.93452
6000 429.633 | 4.99646 48.501 | 10.1476 | 1751.413 | 492.1687 | 0.588814 | 28.10124
6000 428.175 | 517195 | 50.0975 | 10.3863 | 1567.655 | 520.3277 | 0.510886 | 33.19146
6000 426.175 | 505427 | 49.8371 | 10.3765 | 1662.093 | 517.1347 | 0.556876 | 31.11347
6500 429.388 | 579234 | 54.3335 | 10.7803 | 1909.773 | 585.7314 0.55415 | 30.67021
6500 427.536 5.786 54.146 10.733 | 1740.805 | 581.149 | 0.507865 | 33.38392
6500 432.062 | 5.86453 | 56.5641 | 11.1202 | 1958.041 | 629.0041 | 0.557689 | 32.12416
7000 429.141 | 6.72811 | 60.0352 | 11.1723 | 1863.25 | 670.7313 | 0.465723 | 35.99792
7000 427.1 7.07467 | 62.3019 | 11.8017 | 2450.62 | 735.2683 | 0.585315 | 30.00336
7000 429.07 11 7.11172 | 65.2964 11.8939 1846.24 | 776.6289 | 0.436651 | 42.06544




2.6 NAFOUUIEBNSNINVBEINTIaNLAUDIRULUBLSIAD T Inan 98 viaan (9800W,

107

220Vac)

Speed Vin lin(ms) | Vout lout Pin Pout cos Eff(%)
5000 429.493 | 4.84073 - 38.216 17.7984 | 1741.747 | 680.1837 | 0.604599 | 39.05181
5000 423377 | 4.7268 | 38.0876 | 17.6444 | 1902.126 | 672.0328 | 0.685953 | 35.33062
5000 426.113 | 4.5617 | 38.2862 | 17.8007 | 1723.929 | 681.5212 | 0.640055 | 39.53302
5500 422.622 | 559101 | 42.2826 | 18.5245 | 1999.327 | 783.264 | 0.610648 | 39.17638
5500 424.409 | 5.29624 | 41.9144 | 18.3605 | 1909.25 | 769.5693 | 0.612999 | 40.30741
5500 423,771 | 527938 | 42.2518 | 18.5639 | 1819.26 | 784.3582 | 0.586854 | 43.11414
6000 425.538 | 6.06247 | 45.8083 | 19.0792 | 2064.644 | 873.9857 | 0.577573 | 42.33106
6000 424.408 | 5.96612 | 459692 | 19.1283 | 2087.255 | 879.3126 | 0.594907 | 42.12771
6000 426.284 | 6.0518 46.94738 19.4847 | 2064.624 | 914.6859 | 0.577573 | 44.30279
6500 431.035 | 6.8781 | 52.5939 | 20.5291 | 1988.876 | 1079.705 | 0.484146 | 54.28721
6500 | 432805 | 7.03907 | 48.998 19.2145 | 2160.231 | 941.4721 | 0.511731 | 43.58201
6500 430.607 | 7.0696 | 51.1738 | 20.0563 | 1874.193 | 1026.357 | 0.444312 | 54.76262
7000 429.139 | 7.86929 57.581}’1 21.73397) 21 151057 | 1250466(7~0.451999 | 59.16939
7000 429.734 | 7.53482 | 54.326 | 20.7683 | 2048.74 | 1128.259 | 0.456629 | 55.07085
7000 431.021 | 7.81315 | 55.874 | 21.0274 | 1893.87 | 1174.885 | 0.405859 | 62.0362




2.7 NAFUUTERYNSANYRIEINTIaNUALT IIUUBITADS Man 145 waan (14500W,

108

220Vac)

Speed Vin lin(rms) | Vout lou Pin Pout cos Eff(%)
5000 423.712 | 5.27967 | 36.4939 | 25.7153 | 1984.017 | 938.4516 | 0.640055 | 47.30058
5000 424.798 | 559315 | 35.9195 | 25.3417 | 1870.197 | 910.2612 | 0.568065 | 48.67194
5000 423.158 | 5.5519 | 36.3587 | 25.6413 | 1735.041 | 932.2843 | 0.532985 | 53.7327
5500 422,715 | 57706 | 38.5647 | 25.8049 | 1803.069 | 995.1582 | 0.533449 | 55.19246
5500 424.953 | 6.13502 | 40.0287 | 26.3704 | 2068.187 | 1055.573 | 0.572509 | 51.03856
5500 423.589 | 5.92731 | 40.2191 | 26.3848 | 2001.932 | 1061.173 | 0.575435 | 53.00744
6000 426.308 | 7.05272 43,7883 | 26.4422 | 2052.756 | 1157.859 | 0.492727 | 56.40509
6000 425658 | 7.0346 | 45.2698 | 26.451 | 2223.183 | 1197.431 | 0.535827 | 53.86113
6000 425.056 | 7.14892 | 44.7601 | 26.4545 | 2256.117 | 1184.106 | 0.535827 | 52.48425
6500 428.59 | 7.96931 | 52.766 | 26.4583 |2421.895 | 1396.099 | 0.511731 | 57.64488
6500 430.888 | 7.7632 | 50.6308 | 26.4541 | 2500.976 | 1339.392 | 0.539577 | 53.55479
6500 42991 | 8.00069 | 52.4091 | 26.4582 | 2440.405 | 1386.65 | 0.512043 | 56.8205
7000 431.729 | 8.53682 | 49.8554 | 26.3993 | 2220.65 | 1316.148 | 0.434833 | 59.26857
7000 429.85 | 8.44902 | 50.728 | 26.4288 | 2053.634 1340‘68 0.408084 | 65.28331
7000 428.832 | 8.2666 50.516 | 26.2235 | 2088.811 | 1324.706 | 0.42524 | 63.41915
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Abstract

This thesis presents a method to improve horizontal-axis flywheel
of 4-phases 8/6 switched reluctance generator (SRG) by adjust driver
circuit to increase the efficiency of flywheel in order to make flywheel
rotational speed increasing more than base speed. Including control circuit
adjustment, by using DSP320F2812 to control a switched-reluctance
machine.When acting as motor flywheel spin and gain kinetic energy. In
generator mode kinetic energy stored in the flywheel appliesa torque,
which is converted to electric energy. Using switched-reluctance machine

as UPS by control voltage of generator to DC bus 48 volt at constant load.

Keywords: Flywheel, Switched Reluctance Generator, Base speed
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Model RA 165187-15T, 4 phase ,8/6
Rated output 232 kW

Rated speed/Max speed 6,000/12,000 rpm
Torque/Max torque 3.69/4.20 N-m

Rated voltage 48 vDC

Dimension 130 x 130 x 160 mm
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